Four new species of webspinners in the genus Ptilocerembia Friederichs (Ptilocerembiidae) are described including Ptilocerembia thaidina sp. n., P. senathami sp. n., P. catherinae sp. n. and P. rossi sp. n. . from Thailand. Illustrations of heads, genitalia and papilla of adult males, sternite pattern of adult females together with photographs of adult males, females and their galleries for each species are provided. Notes on field observations and egg mass structure are given for P. catherinae sp. n. A distribution map and a dichotomous key to the Thai species in the genus Ptilocerembia are also included.
Introduction
The webspinner family Ptilocerembiidae Miller and Edgerly, 2012 consists of only one Southeast Asian genus known to date, Ptilocerembia Friederichs, 1923 , which was erected based on a single species from Indonesia (Ptilocerembia roepkei Friederichs, 1923) . Nevertheless, the genus probably occurs throughout Thailand as well as in eastern Myanmar (Ross, 1963) .
The recently established family Ptilocerembiidae is apparently related to Oedembia in the polyphyletic family Embiidae, designated as "Embiidae 3" in Miller et al. (2012) . Three different analyses (Parsimony, Likelihood and Bayes) placed Ptilocerembiidae near the families Oligotomidae and Teratembiidae (Miller et al. 2012) . Ross (1963) noted in his treatment of Australian embiopterans and his discussion of the Family Notoligotomidae (configured by Davis (1940b) to include Ptilocerembia) that the genus is a complex of many species occurring throughout Asia (Indonesia, Myanmar, and Thailand). Our collecting efforts in Thailand confirm Ross's assessment with the discovery of four new species. In this report, we describe and illustrate morphological characteristics of these new species. Distribution maps and a key to species of both sexes are also provided. Females with their nymphs are often the only stages encountered in the field and therefore the separate key to the nymph-like adult females is a helpful tool for field identification. Otherwise, colonies must be collected and reared to obtain adult males.
Material and methods
Webspinner specimens were collected from different localities in Thailand. Their morphological characteristics were examined and photographed with a handheld digital microscope (AM-413T-FVW Dino-Lite Pro White) and the DinoCapture Program for measurement. The head, genitalia and tarsi of males and sternite patterns of females were illustrated with the aid of a stereomicroscope with a drawing tube attachment. Photographic plates were generated with Adobe Photoshop CS5.
Morphological terminology follows that of Ross (2007) , Poolprasert & Edgerly (2011 ), Poolprasert et al. (2011a and Poolprasert (2014) . The holotypes and paratypes are deposited in the collection of CUMNH: Chulalongkorn University Museum of Natural History, Bangkok, Thailand.
Results
Family Ptilocerembiidae Miller and Edgerly, 2012 Genus Ptilocerembia Friederichs, 1923 Ptilocerembia Friederichs, 1923 1934: 422; Davis, 1940a: 526; 1940b: 535; Ross, 1963; 123; Miller et al. 2012: 561. Diagnosis. Males of Ptilocerembia (family Ptilocerembiidae) are readily distinguished from other embiopterans as follows: the antennae have long setae, the antennae are abruptly white distally, the anterior branch of the media (MA) is branched in the forewing and hindwing, the left tergal process (10LP) is short, the medial flap (MF) has a variable hook and the hind basitarsus has dense setae ventrally and only one papilla. Females are large, robust and variously pigmented. Distal antennal segments are commonly abruptly white and intersegmental areas of the thorax and abdomen are regularly pale in color. The hind basitarsus has one ventral papilla.
Type species. Ptilocerembia roepkei Friederichs, 1923: 24, figs. 6-8 1A ) (n = 3), mean (range): Head width × length 1.8 (1.7-1.9) × 2.3 (2.1-2.4) mm, body length 15.3 (14.9-15.8) mm, width 2.2 (2.1-2.3) mm, forewing length 12.5 (12.1-13.2) mm, hind wing length 11.8 (10.5-12.3) mm.
Head capsule elongate-oval (longer than broad), sides convergent ( Fig. 7A ). Eyes entirely dark, large, prominent, subreniform. Submentum trapezoidal. Antennae 36-segmented, dark with long perpendicular hairs, six most apical segments white.
Thorax dark throughout. Wings with MA forked, brown with hyaline inter-veinal lines. All legs dark. Hind basitarsus elongate with only one papilla, plantar setae long (Fig. 7D) . Abdomen very dark brown, paler ventrally. Terminalia with tenth abdominal tergite completely cleft, hemitergites separated basally by a trapezoidal plate; 10R transverse, inner margin ending posteriorly in a blunt 10RP, anteriorly in a dorsal hook curving forward; 10L with inner margin produced backward to an elongate 10LP, medially slightly expanded, terminally subacute. LPPT broad, sclerotized, slightly arched leftward (Fig.  7B ). Right cercus with two subcylindrical segments (RC 1 and RC 2 ) (Figs. 7B-7C). LC 1 excavated on inner side in basal half, dilated terminally with a finely echinulated nodule. LC 2 shorter, subconical, firmly set in first segment outside and inner dilation distally (Figs. 7B-7C ).
Apterous female (Fig. 1B) (n = 23, mean [range] ± SD): Head width × length 1.9 (1.7-2.0) ± 1.32 × 2.3 (2.0-2.5) ± 0.11 mm, body length 17.4 (14.5-19.9) ± 0.43 mm, width 2.2 (2.0-2.4) ± 0.51 mm.
Head capsule as broad as long, sides short, parallel, broadly arcuated caudally, dark. Eyes dark, smaller and less kidney-shaped than in male. Submentum trapezoidal. Antennae 34-segmented, entirely black except six most distal segments white.
Thorax dark throughout. All legs concolorous with thorax except coxae and trochanters whitish, strongly contrasted by the dark femora, tibia, and tarsi.
Abdomen mostly dark with white-striped lateral plate, basal three abdominal terga blackish in contrast with the next four brown terga; three terminal three abdominal segments dark brown. Cerci medium brown. Description. Alate male ( Fig. 2A) (n = 2, mean (range)): Head width × length 1.7 (1.6-1.8) × 1.8 (1.7-1.9) mm; body length 12.5 (12.3-12.9) mm, width 2.2 (2.1-2.3) mm; forewing length 8.8 (8.8-8.9) mm; hindwing length 8.1 (7.8-8.3) mm.
Head capsule as broad as long, sides short, parallel, broadly arcuate caudally (Fig. 7E) , dorsally dark. Eyes lavender black, narrowly outlined with dark amber. Submentum trapezoidal. Antennae 36-segmented, dark brown with six white antennal segments apically.
Prothorax basically chestnut brown but with dark mahogany pattern. Pterothorax pale tan dorsally, clouded with mahogany brown. All legs various shades of dark brown. Wing with MA forked, medium brown with metallic purple luster. All legs entirely blackish. Hind basitarsus elongate with only one papilla, plantar setae long (Fig. 7H) .
Abdomen mottled dark purple; terminalia more darkly mottled over a basic color of chestnut brown; apices of cerci tan. 10L slightly vaulted, the vaulted area setose but basally and apically non-setose. 10LP slender; apex abruptly pointed and rugose. 10R with a strong inner margin, the medial portion (MF) bearing blunt sickle-shaped hook (EP), nodule elevated. LPPT produced as a sclerotized, sharp LPPT-P extended to LC1 (Fig. 7F) . LC1 medium long, gradually lobed, entire inner surface coarsely echinulated. LC2 shorter, subconical, line of fusion with LC1 membranous, diagonal (Figs. 7F-7G ).
Apterous female (Fig. 2B) (n = 32, mean [range] ± SD): Head width × length 1.5 (14-1.6) ± 2.23 × 1.6 (1.4-1.7) ± 1.03 mm; body length 14.0 (13.8-16.7) ± 1.43 mm, width 1.9 (1.8-2.3) ± 0.73 mm.
Head capsule about as long as broad, caudal margin broadly arcuate; sides short, parallel, glossy piceous dorsally with faint pattern; ventrally chestnut brown. Mandibles dark chestnut brown with piceous margins; other mouthparts various shades of chestnut brown. Submentum trapezoidal. Antennae 29-segmented, dark with long perpendicular hairs, five most apical segments pure white.
Thorax yellowish with two longitudinal brown bars. Coxae and trochanters of all legs concolorous with thorax; femora and tibia blackish brown except for short basal and terminal yellow area.
Abdomen dark purplish brown, paler at sides and ventrally; cerci brownish but with apical segment becoming yellowish at apex. Basal two abdominal terga dark brown, tergum 3 brownish yellow region on posterior half, terga 4-6 yellowish, terga 7-10 dark brown. Ptilocerembia catherinae sp. n. (Fig. 3A-3C, 4A-4B, 6C, 7I-7L Distribution. This species is known from northern Thailand. Etymology: The new species is named after Catherine Craig, an important and creative scientist who researches the evolution of silk and works to conserve nature by promoting local economies based on silks produced by native insects.
Description. Alate male (Fig. 3A) (n = 8, mean (range) ± SD): Head width × length 2.0 (1.9-2.3) ± 0.15 × 1.8 (1.6-1.9) ± 0.11 mm; body length 16.6 (15.7-17.5) ± 0.64 mm, width 2.2 (2.0-2.4) ± 0.12 mm; forewing length 5.6 (4.8-6.1) ± 0.34 mm; hind winglength 10.5 (10.2-11.5) ± 0.32 mm.
Head capsule as broad as long (Fig. 7I) , blackish brown. Eyes grayish purple, paler than cranium. Preclypeal and labral membranes lavender, sclerites dark brown; mandibles dark amber, sclerotized portions of the other mouthparts dark purple, appearing concolorous to the naked eye. Molar angles of mandibles deeply pitched. Submentum trapezoidal. Antennae 30-segmented, black from base through segment 26, segments 27 to 30 white.
Thorax blackish throughout. Wings with MA forked, black with purple iridescence except for narrow, white interveinal stripes; margins of costa, radial vien and cross-veins pink. All legs entirely blackish. Hind basitarsus elongate with only one papilla, plantar setae long (Fig. 7L) .
Abdomen dark throughout, terminalia with 10 LP, broad, separate from 10R, 10LP broad basally, gradually arched leftward, evenly tapered to apex. 10R transverse, inner margin ending posteriorly in a blunt 10RP, anteriorly in a dorsal sharp hook backward. Media area of inner side of 10RP with a microspicule next to a protruding hook; EP process long, narrow, overlapping apex of an echinulated projection; LPPT somewhat long, sclerotized (Fig. 7J ). Right cercus with two subcylindrical segments (RC1 and RC 2 ) (Figs. 7J-7K ). LC 1 very short, distally echinulate, expanded and lobed; LC 2 shorter, subconical, fused to LC 1 (Figs. 7J-7K ).
Apterous female (Fig. 3B) (n = 15, mean (range) ± SD): Head width × length 2.1 (2.0-2.3) ± 0.19 × 1.9 (1.8-2.0) ± 0.07 mm; body length 17.8 (16.5-18.3) ± 0.33 mm, width 2.3 (2.1-2.4) ± 0.53 mm.
Head capsule mostly blackish brown, faintly transversely clouded reddish brown between eyes. Submentum trapezoidal. Antennae 26-segmented, with basal three antennal segments golden, all other segments dark brown except distal five segments white.
Prothorax dorsally glossy dark brown, legs mostly dark brown except for entirely golden brown tibia; mesoand metathorax and their legs similar in color but tarsi are only partially medium yellowish; membranous areas between thoracic segments tan.
Abdominal terga almost all black, faintly clouded medially with golden brown; pleura creamy white forming a lateral band on each side of the abdomen; cerci entirely black; membranous areas of venter of prothorax creamy white; venter of meso-and meta-thorax and abdomen mottled dark brown; genital sternites glossy black.
Biology. Adult females were found hiding within leaf litter on the ground during the dry season in March 2008. Freshly spun silk tubes appeared pinkish rather than white, the typical color of embiopteran silk. Older silk appeared white but was usually coated with gathered materials, such as in the arboreal colony shown in Fig. 3C . The silk tubes in the litter, each holding one insect, fit tightly. These tubes may function as hibernacula, as if the females were aestivating until the rains began. None of the dozens of females found in leaf litter had eggs or nymphs with them. When disturbed by our collecting attempts, they would scurry rapidly into underground retreats. These tactics may provide safety against predators that dig in leaf litter. In areas near creeks or irrigated lawns, colonies were found on tree bark. These colonies appeared to be groups of nymphs, each group perhaps from one family. An egg mass uncovered in a lab colony (Fig. 4) revealed the typical style of egg clustering associated with egg-guarding and subsociality in webspinners (Edgerly 1997) . The configuration of the egg mass suggests that siblings emerge together and readily form colonies. One particularly large field colony of P. catherinae at Doi Inthanon was sequestered within a tree-hole; the silk tubes leading from this retreat to epiphytic lichens indicated that they periodically ventured forth via these tubes to graze. The behavior of this colony suggested to us that they travel back and forth from foraging sites. Further research is warranted to determine whether they cooperate to find fresh food and how they interact with colony-mates. Distribution. This species was collected at several localities in Thailand. Etymology: The new species is named after Dr. Edward Ross, the renowned Embioptera specialist. Description. Alate male (Fig. 5A ) (n = 5, mean (range) ± SD): head width × length 1.4 (1.2-1.5) ± 0.25 × 1.6
(1.4-1.7) ± 0.42 mm; body length 12.5 (12.3-15.5) ± 0.41 mm, width 1.9 (1.8-2.1) ± 0.03 mm; forewing length 9.2 (9.1-9.5) ± 0.73 mm; hind wing length 8.8 (8.5-9.0) ± 0.16 mm. Head capsule about as broad as long, sides behind eyes strongly convergent and round caudally ( Fig. 7 M) ; eyes rather large. Molar area of mandibles sharply pointed. Antennae 29-segmented, uniformly brown except for five white distal antennal segments.
Thorax dark brown but more darkly patterned with mahogany. Wing with MA forked, medium brown with metallic purple luster. All legs concolorous with thorax. Hind basitarsus elongate with only one papilla, plantar setae long (Fig. 7P) .
Abdomen dark brown then caudally darker. Terminalia with 10L broad and vaulted; 10LP slender an d constricted basally then tapered distally, pointed; MF a long sickle-shaped hook, w it h raised nodule; LPPT limited to a dark, sclerotized caudal rim; sharp LPPT-P, curved leftward, pointed to LC 1 . Basal portion of left cercus (LC 1 ) tubular, elongated, half the length of the cercus, its echinulate lobe rather small, its caudal width gradually constricting to equal that of atrophied base of LC 2 (Figs 7N-7O ). 0515865). M. Sharkey (University of Kentucky, USA) assisted with permits and organizing fieldwork through the project entitled Thailand Inventory Group for Entomological Research (TIGER) (funded by DEB-0542864). A research permit (project # 002.3/6410) was obtained from the Thai government in support of a portion of our fieldwork.
